199 Hg nucleus is calculated using finite range P -and T -violating weak nucleon-nucleon interaction. Both the contributions of the P -and T -odd interaction and of internal nucleon electric dipole moments to the Schiff moment of 199 Hg are calculated. The contribution of the proton electric dipole moment is obtained via core-polarization effects treated in the framework of RPA with effective residual interactions. We derive a new upper bound |d p | < 5.4 × 10 −24 e cm for the proton electric dipole moment. c 2004 MAIK "Nauka/Interperiodica".
INTRODUCTION
The interest in electric dipole moments (EDM) of elementary particles and more complex systems like nuclei and atoms has existed since 1950, when it was first suggested that there was no experimental evidence for symmetry of nuclear forces under parity transformation [1].
The experimental upper limit on the neutron EDM [2] is
d n < 0.63 × 10
−25 e cm.
The measured value for the proton EDM [2] is d p = (−4 ± 6) × 10 −23 e cm (2) and is compatible with zero. This corresponds to an upper limit which is three order of magnitude weaker than the one for a neutron. The best upper limit on EDM ever obtained was in an atomic experiment with 199 Hg [3] . The result for the dipole moment of this atom is
Unfortunately, the implications of this result are somewhat less impressive, due to the electrostatic screening of the nuclear EDM in this essentially Coulomb system. The point is that, in a stationary state of such a system, the total electric field acting on each particle must vanish. Thus, an internal rearrangement of the system's constituents gives rise to an internal field E in that exactly cancels external * This article was submitted by the authors in English. field E ex at each charged particle; the external field is effectively switched off, and an EDM feels nothing [1, 4] .
Still, some P -and T -odd component of the electrostatic potential survives due to final nuclear size. It is created by the next moment in the nuclear electric dipole density distribution. This is the Schiff moment defined as [5]
The Schiff moment generates a P -and T -odd electrostatic potential in the form
Interaction of atomic electrons with the potential given by Eq. (5) produces an atomic dipole moment
Due to the contact origin of the potential, only the electrons in s and p atomic orbitals contribute to the dipole moment given by Eq. (6). Equation (4) is valid for any system of pointlike charges e q . Let us split the sum in Eq. (4) into the sum over coordinates of nucleons and the sum over coordinates of charges inside the nucleons:
Here, r N is a nucleon position and ρ i is the position of the ith charge inside the nucleon. Combining the terms of the zeroth and first order in ρ and using for the Schiff moment as a sum of two terms. The first of them is similar to (4):
where e N is equal to |e| for a proton and zero for a neutron. The mean value of this operator is nonzero only in the presence of the P -and T -invarianceviolating nucleon-nucleon interaction. The second term is related to the internal dipole moments of the nucleons
The previous calculations of the Schiff moment of a heavy nucleus [5, 6] were performed in a simplified manner, without taking into account the residual interaction between a valence nucleon and the core nucleons. Only recently did more microscopic studies of the Schiff moment of 199 Hg [7] and 225 Ra [8] appear, where effects of the core polarization with the effective forces for 199 Hg and the octupole deformation for 225 Ra based on the Skyrme-Hartree-Fock method were discussed. In this work, we discuss both the contribution of the P -and T -odd interaction and the nucleon EDM contribution to the Schiff moment of the 199 Hg nucleus. In the picture of an independentparticle model, only a valence nucleon contributes to the Schiff moment. In the case of 199 Hg, it is a neutron. However, when a residual quasiparticle interaction between the valence neutron and the protons in the core is taken into consideration, the proton contribution to the nuclear Schiff moment becomes nonzero. We calculated this contribution using a random phase approximation (RPA) with effective forces. From the relation between the Schiff moment and the electric dipole moment of the Hg atom [9], a new upper limit on the proton EDM was obtained.
OUTLINE OF THE THEORY

Nuclear Mean Field
In our calculations, we used a full single-particle spectrum including continuum. The single-particle basis was obtained using the partially self-consistent mean-field potential of [10] . The potential includes four terms. The isoscalar term is the standard Woods-Saxon potential
with the parameters V = 52.03 MeV, R = 1.2709A 1/3 fm, and a = 0.742 fm. Two other terms U ls (r) and U τ (r) were obtained in a self-consistent way using the two-body Landau-Migdal-type interaction of [11] for the spin-orbit and isovector parts of the potential. The last term is the Coulomb potential of a uniformly charged sphere with R C = 1.18A 1/3 fm. The mean-field potential obtained in this way fits well single-particle energies and rms radii of nuclei in the region around 208 Pb.
Nucleon-Nucleon P -and T -Odd Interaction
We use the interaction generated by P -and Tviolating pion exchange [12] [13] [14] :
where g is the usual strong pion-nucleon pseudoscalar coupling constant; g 0 , g 1 , and g 2 correspond to isoscalar, isovector, and isotensor P -and T -odd couplings; and m p is the proton mass. In contrast to P -odd and T -even interaction, in Eq. (11) the exchange of π 0 is allowed. This term produces the direct contribution to the P -and T -odd part of the nuclear mean field, while the other terms produce the exchange contribution only. Since the direct contribution dominates for finite-range potentials, we can expect that the interaction (11) is the leading one and the exchange of heavier mesons can be omitted.
Core Polarization
The effects of the core polarization for a singleparticle operator can be treated by introducing a renormalized operatorS satisfying the equatioñ
where S is the bare Schiff moment operator given by (4), (8), or (9), and n µ and µ are single-particle occupation numbers and energies. For static moments, the external frequency ω → 0. The value of the Schiff moment is given by the diagonal matrix element of the z component of the renormalized operator (12) between mean-field states of the last unpaired nucleon with a maximal angular-momentum projection:
